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The Orb i t ing  Frog O t o l i t h  ( O F O )  i s  one of two 

s p a c e c r a f t  t o  b e  launched on a s i n g l e  Scout v e h i c l e  by 

t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion no 

e a r l i e r  t han  Aug. 1 9 ,  f rom t h e  NASA Wallops S t a t i o n ,  Wallops 

I s l a n d ,  V a .  

Also  on board t h e  so l id -p rope l l an t  Scout w i l l  be 

t h e  Radiat ion Meteroid (RM)  spacec ra f t  t o  demonstrate and 

eva lua te  improved in s t rumen ta t ion  and t o  gather near-Earth 

data of s c i e n t i f i c  i n t e r e s t .  

Two male b u l l f r o g s  (Rana Catesb iana)  w i l l  be  moni- 

t o r e d  i n  OF0 f o r  about f i v e  days a l t e r n a t e l y  i n  the  weight- 

l e s s n e s s  of space and dur ing  pe r iods  of p a r t i a l  g r a v i t y  

c r e a t e d  by sp inning  them up t o  5 0  r e v o l u t i o n s  per  minute,  

producing a one-half g a e c e l e r a t l o n  c o n d i t i o n ,  
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Through microe lec t rodes  s u r g i c a l l y  implanted i n  t h e  

v e s t i b u l a r  ( i nne r  ear) nerves  l ead ing  from sensor  c e l l s  i n  

t h e  o t o l i t h s  of  the b u l l f r o g s ,  s c i e n t i s t s  w i l l  be able t o  

s tudy f o r  the f i r s t  t ime t h e  e l e c t r i c a l  response of t h e  

o t o l i t h  sensors  dur ing  hours o f  we igh t l e s sness .  

Data from the  f i v e  day  experiment w i l l  provide informat ion  

about t h e  a d a p t a b i l i t y  of t h e  v e s t i b u l e  i n  t h e  i n n e r  ear (which 

c o n t r o l s  ba lance)  t o  a sus t a ined  weightless environment as w e l l  

as i t s  response t o  a c c e l e r a t i o n .  

NASA's Off i ce  of Advanced Research and Technology i s  

conducting both  b a s i c  and app l i ed  r e s e a r c h  t o  determine how 

t h e  v e s t i b u l a r  organs of man func t ion ,  bo th  on Ear th  and i n  

space.  A number of d i s o r d e r s  have occurred i n  men and animals 

dur ing  s h o r t  per iods  of weight lessness  i n  a i r c r a f t  and dur ing  

longer  per iods  i n  s p a c e c r a f t ,  among them d i s o r i e n t a t i o n .  T h i s  

i s  a t t r i b u t e d  t o  t h e  v e s t i b u l a r  s y s t e m  which i n  t u r n  i n f l u e n c e s  

v i s i o n  and balance.  

A f r o g  was chosen as t h e  space f l i g h t  specimen because 

(1) the  o t o l i t h  system o f  t h e  f r o g  i s  similar t o  t h a t  i n  man, 

( 2 )  i t s  s i z e  permi ts  small packaging f o r  s p a c e f l i g h t ,  and ( 3 )  

i t  i s  amphibious and t h e r e f o r e  capable  of su rv iv ing  i n  both 

an a i r  environment whi le  pre-launch surgery  i s  performed and i n  

water du r ing  f l i g h t .  

-more- 
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The Frog O t o l i t h  Experiment was developed and t e s t ed  

by Dr. Torquato G u a l t i e r o t t i  of t h e  Un ive r s i ty  of Milan, 

I t a l y ,  whi le  he w a s  i n  t h i s  country as a r e s i d e n t  r e s e a r c h  

a s s o c i a t e  (under t h e  auspices  of the Nat iona l  Academy of 

Sc iences)  working a t  the  NASA A m e s  Research Center, Mountain 

V i e w ,  Calif. D r .  G u a l t i e r o t t i  i s  t h e  OF0 Program's p r i n c i p a l  

i n v e s t i g a t o r  and A m e s  manages t h e  experiment package. 

The f l i g h t  p r o j e c t  i s  p a r t  of the  v e s t i b u l a r  r e s e a r c h  

program of t h e  Of f i ce  of Advanced Research and Technology w i t h  

p r o j e c t  management ass igned t o  the  Wallops S t a t i o n .  

S ince  the  launch v e h i c l e  l i f t i n g  c a p a b i l i t y  I s  n o t  

e n t i r e l y  u t i l i z e d  by t h e  293-pound OF0 s p a c e c r a f t ,  a 46-pound 

secondary payload, t h e  RM s p a c e c r a f t ,  w i l l  r i d e  piggyback w i t h  

t h e  f o u r t h  s t a g e  of t he  Scout .  The RM program i s  managed by 

t h e  NASA Manned Spacec ra f t  Center,  Houston. 

T h e  OF0 and RM s p a c e c r a f t ,  both 30 inches  i n  diameter,  

w i l l  s e p a r a t e  a f t e r  achiev ing  E a r t h  o r b i t .  The planned o r b i t  

w i l l  range from about  195 t o  370 m i l e s ,  or 313 t o  590 k i l o -  

meters, a l t i t u d e  and be i n c l i n e d  37.7 degrees  t o  t h e  Equator.  

T ime  t o  complete one r e v o l u t i o n  w i l l  be about 1 and 1 / 2  hours .  

-more- 
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The RM spacecraft will remain attached to the Scout 

fourth stage after separation from the OF0 spacecraft. Both 

spacecraft will go into the same elliptical orbit with 

orbital lifetimes of approximately 270 days. 

The RM spacecraft has two experiments -- the Radiation 
Experiment and the Meteoroid Experiment. Objectives are to 

demonstrate the feasibility and accuracy of an advanced 

radiation dosimetry system and to verify in-flight improved 

instrumentation to measure meteoroid impact, flux, direction 

and speed. 

The RM instruments will gather data helpful in 

des i gnhg radiation and meteoroid safety measures into 

future manned missions. The radiation experiment also will 

help update descriptions of the ever-changing radiation belts 

that encircle the Earth. 

Key element in the radiation experiment is the 

advanced radiation dosimetry system regarded as a candidate 

f o r  future manned space vehicles. Instrumentation is designed 

to measure and determine the type of radiation (electrons or 

protons) encountered and to convert the data instantly to 

conventional radiation dose units. 

-more- 
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The  measurement of dose,  o r  energy absorbed by t h e  

body, (expressed i n  rads p e r  hour) i s  of more s i g n i f i c a n c e  

as mission d u r a t i o n s  i n c r e a s e .  

For long-term manned space f l i g h t  miss ions ,  i t  w i l l  

be  necessary t o  monitor cont inuously s e p a r a t e  r a d i a t i o n  

components, and independent ly  and c o l l e c t i v e l y  assess t h e i r  

b i o l o g i c a l  s i g n i f i c a n c e .  The g e n e r a l  a i m  of t h e  r a d i a t i o n  

experiment i s  t o  aid i n  the  development of such an advanced 

sys t em.  

The  meteoroid experiment employs an improved d e t e c t o r  

s y s t e m  of t h i n  f i l m  c a p a c i t o r s  t o  o b t a i n  the number of meteoroid 

impacts ,  t h e i r  d i r e c t i o n  and speed. The data w i l l  be of i n t e r e s t  

t o  meteoroid sc i ence  and h e l p f u l  i n  determining damage c r i t e r i a  

f o r  s p a c e c r a f t  and i n  d e f i n i n g  a v e l o c i t y  spectrum f o r  smal l  

meteoroids i n  t h e  v i c i n i t y  of t he  Ea r th .  

Other NASA i n s t a l l a t i o n s  p a r t i c i p a t i n g  i n  the  OF0 and 

RM programs, i n  a d d i t i o n  t o  Wallops, A m e s ,  and M S C ,  are: 

t h e  Goddard Space F l i g h t  Center ,  Greenbel t ,  Md., and the 

Langley Research Center ,  Hampton, V a .  

(END O F  GENjl;HAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
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OF0 BACKGROUND AND MISSION OBJECTIVES 

The mechanics of o r i e n t a t i o n  and t h e  coord ina t ion  of 
body movement have a lways  occurred wi th in  a framework which 
has superimposed upon it t h e  cons tan t  one-g environment of 
Ea r th ,  t h e  f a r c e  o f  g r a v i t y .  

v e s t i b u l a r  appara tus ,  develop and ope ra t e  under t h i s  cons tan t  
one-g presence.  

O t o l i t h  c e l l s ,  t h e  senso r s ,  or g r a v i t o r e c e p t o r s ,  o f  t h e  

Now s p a c e c r a f t  have made it  p o s s i b l e  t o  remove this 
g r a v i t y  framewoyk and t o  l e a r n  i n  d e t a i l  what t h e  p o s s i b l e  
b i o l o g i c a l  e f f e c t s  of prolonged weight lessness  may be  on 
a s t r o n a u t s .  

conducting both b a s i c  and app l i ed  r e sea rch  t o  determine t h e  
manner i n  which t h e  v e s t i b u l a r  organs of man f u n c t i o n ,  b o t h  
on Ea r th  and i n  t he  space environment. 

The Orb i t ing  Frog O t o l i t h  (OF01 experiment i s  p a r t  of 
t h i s  OART yesearch program. 

' Microelectrodes Implanted i n  t h e  v e s t i b u l a r  nerves  of 
FWQ b u l l f r o g s  w l l l  f u r n i s h  r e s e a r c h e r s  i n  neurophysiology 
w i t h  t h e  f i r s t  d i r e c t  record5ng o f  t h e  o t o l i t h  senso r -ce l l  
response made dur ing  prolonged pe r iods  of' weightlesskess. 
From t h i s  data, s c i e n t i s t s  w i l l  b e  able t o  s tudy how t h e  
s e n s o r s ,  long  adapted t o  a cons t an t  environment s t imu lus ,  
w i l l  r e a c t  t o  such a r a d i c a l  change. Data should r e v e a l  any 
s i g n s  of  p o s s i b l e  d i s func t ion  o r  adap ta t ion  of t h e  o t o l i t h  c e l l s  
t o  we igh t l e s sness .  The r e s u l t s  ob ta ined  w i l l  b e  a s i g n i f i c a n t  
s t e p  i n  understanding t h e  phys io log ica l  mechanism o f  t h i s  and 
o t h e r  vest ibular  organs.  

NASA's O f f i c e  of Advanced Research and Technology i s  

-more- 
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3ASIS FOR OF0 EXPERIMENT 
* I - .  

The v e s t i b u l e  (F igure  1) i s  i n  t h e  i n n e r  e a r .  It has  
t h r e e  main parts: '  t h e  s e m i c i r c u l a r  cana ls  ( s u p e r i o r ,  
p o s t e r i o r ,  and l a t e ra l )  which respond t o  angular  a c c e l e r -  
a t i o n ;  t h e  saccu lus  which responds mainly t o  v i b r a t i o n ;  
and t h e  u t r i c u l u s  which responds t o  l i n e a r  a c c e l e r a t i o n ,  
t h e r e f o s e ,  t o  g r a v i t y .  Attached to t h e  v e s t i b u l e ,  oppos i t e  
t he  s e m i c i r c u l a r  cana l s ,  i s  t h e  aud i to ry  organ, t h e  cochlea,  
which looks l i k e  a conch s h e l l .  

I n  t h i s  experiment,  t he  u t r i c u l u s  i s  of p r i n c i p a l  
i n t e r e s t  s i n c e  t h e  main o b j e c t i v e  i s  to study t h e  e f f e c t  
of changes i n  g r a v i t y .  

The senso r  organ o f  t h e  u t r i c u l u s  i s  t h e  macula. T h i s  
organ conta ins  s e v e r a l  thousand senso r  c e l l s ,  o r  u n i t s ,  
(F igure  2 )  o r i e n t e d  i n  d i f f e r e n t  planes t o  measure acce le r -  
a t i o n  i n  a l l  d i r e c t i o n s .  

On the upper p a r t  o f  t h e  organ a number of  hairs pro t rude  
and a r e  immersed i n  a j e l l y - l i k e  medium. Above t h e  ha i r ,  
suspended i n  t h e  j e l l y  subs tance ,  are s tone - l ike  c r y s t a l s  
which a r e  denser  than  t h e  j e l l y  medium. These a r e  t h e  o t o l i t h  
(from t h e  Greek words - o t o  meaning e a r  and l i t h  meaning s t o n e )  
bodies .  

The s t o n e s ,  grouped t o g e t h e r ,  a r e  f r e e  to move p a r a l l e l  
to t h e  su r face  of  t h e  macula, bending t h e  hairs  which p r o j e c t  
fpom t h e  o t o l i t h  c e l l s .  

The hairs a r e  of  two types -- kinoci l ium ( K C )  and 
s t e r e o c i l i u m  (ST). There i s  only one k inoc i l ium p e r  c e l l ,  
but  up t o  64  s t e r e o c i l i a .  

When the  o t o l i t h  bodies  s h i f t ,  bending t h e  s t e r e o c i l i a  
toward t h e  kinoci l ium, t he  senso r s  a r e  s t imu la t ed  and i s s u e  
e l e c t r i c a l  impulses .  When s t e r e o c i l i a  a r e  bent i n  t h e  
oppos i t e  d i r e c t i o n ,  t h e  senso r s  are i n h i b i t e d  and no s i g n a l  
i s  i s s u e d .  (Figure 3 ) .  

Nerves from t h e  bottom of t h e  senso r  c e l l s  converge 
i n t o  a nerve f i b e r .  The nerve f i b e r s  run  i n  bundles ,  forming 
one branch of t h e  v e s t i b u l a r  nerve .  Through t h i s  network, 
information from t h e  v e s t i b u l a r  organs i s  s e n t  t o  t h e  medulla, 
a p a r t  of t h e  b r a i n ,  f o r  a n a l y s i s ,  

-more- 
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Since t h e  informat ion  i s  c a r r i e d  i n  t h e  form of 
e l e c t r i c a l  a c t i v i t y ,  it may be picked up by  monitor ing the 
nerve w i t h  microe lec t rodes  small enough t o  e s t a b l i s h  con tac t  
w i t h  only one f i b e r .  T h i s  i s  t h e  technique used w i t h  t h e  
frog o t o l i t h s  i n  the. OF0 experiment-  

The e l e c t r i c a l  a c t i v i t y  c a r r i e d  a long  t h e  nerve f i b e r  
from the  o t o l i t h  c e l l s  c o n s i s t s  of p u l s e s  of c u r r e n t .  The 
r e l e v a n t  in format ion  i s  t h e  l e n g t h  of $he i n t e r v a l  between 
t h e  pu l ses .  The i r  shape and amplitude ape u n i m p o ~ t a n t .  

The o t o l i t h  ce l l s  a c t  as acce le romete r s ,  When the u n i t  
i s  a c t i v a t e d  by i n c r e a s i n g  a c c e l e s a t i o n ,  t h e  f i s i n g  rate 
i n c r e a s e s  and t h e  i n t e r v a l  between p u l s e s  decreases  When 
t h e  u n i t  i s  d e a c t i v a t e d  by opposi'te movement of t he  o t o l i t h  
bod ies ,  t h e  s e n s o r  i s  suddenly blocked,  and a pause i n  p u l s e  
f i r i n g  r e s u l t s .  

-more - 
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OF0 SPACECRATT 

The OF0 s p a c e c r a f t  weighs 293 pounds, i s  approximately 
30 inches  i n  diameter  and 47 inches  long.  Its lower,  
octagonally-shaped s e c t i o n  houses t h e  e l e c t r o n i c s  and, t h e  
upper s e c t i o n ,  w i t h  a hea t - con t ro l  s h i e l d  covering t h e  water- 
f i l l e d  c e n t r i f u g e ,  houses t h e  two f r o g s ,  i n  a t r u n c a t e d  cone 
w i t h  a s p h e r i c a l  cap (Figure 4 ) .  

The s p a c e c r a f t  mates d i r e c t l y  t o  t h e  s tandard  Scout 
llE-Section" which pro t rudes  through t h e  Radia t ion  Meteoroid 
s p a c e c r a f t .  The OF0 e x t e r i o r  has a combination of thermal  
c o n t r o l  f i n i s h e s .  

E x t e r i o r  protuberances inc lude  f i v e  antennas canted a t  
45 degrees  to support  t h e  onboard t e l eme t ry ,  command and 
beacon subsystems. The yoyo despin  a s sembly  i s  l o c a t e d  
around t h e  g i r t h  of the s p a c e c r a f t .  Four t r i p l e - f o l d  booms 
are l o c a t e d  r a d i a l l y  around t h e  s p a c e c r a f t  a t  90  degree 
i n t e r v a l s  and a r e  fo lded  a g a i n s t  t h e  s i d e  of t h e  s p a c e c r a f t .  

Af te r  s e p a r a t i o n  from the  launch v e h i c l e ,  the  s p a c e c r a f t  
releases the  yoyo despin  subsystemand e s s e n t i a l l y  desp ins  t o  
zero  rpm, a f t e r  which t h e  f o u r  booms a r e  r e l e a s e d  and extend 
78 inches  from t h e  s i d e  of t h e  s p a c e c r a f t .  

The r e s u l t a n t  i n c r e a s e  i n  t h e  s p a c e c r a f t ' s  roll movement 
of i n e r t i a  caused by the  ex tens ion  of  t h e  booms w i l l  maintain 
t h e  g l e v e l  on t h e  experiment below t h e  0 . 0 0 1  (10-3)-g 
requirement when t h e  c e n t r i f u g e  i s  not  ope ra t ing .  

The s p a c e c r a f t  f o r  th i s  mission was designed and b u i l t  
by t h e  Space General u n i t  of Aerojet  General Corp., E l  Monte, 
Calif .  The des ign  i s  an outgrowth of t h e  OV3 s a t e l l i t e  con- 
c e p t ,  developed ear l ie r  by Aerojet  as a gene ra l  u t i l i t y  
s a t e l l i t e  f o r  i n t e g r a t i o n  wi th  t h e  Scout launch v e h i c l e .  

The s p a c e c r a f t  i s  unique i n  t ha t  t h e  experiment can be 
"plugged i n "  very l a t e  i n  the  launch countdown. T h i s  capa- 
b i l i t y  was r e q u i r e d  because of the  b i o l o g i c a l  n a t u r e  of the  
experiment.  

-more- 
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FROG OTOLITH EXPERIMENT PACKAGE (FOEPI 

All apparatus necessary to assure survival and normal 
function of the two frogs is contained in the Frog Otolith 
Experiment Package (FOEP) . 

The specimens are housed in a water-filled, self- 
contained centrifuge (Figure 5) which supplies the test 
acceleration. 

Instrumentation to collect and amplify otolith signals, 
EKG, water temperature and pressure, and general housekeeping 
data is also in the package. 

The FOEP is encased in a pressure-tight container 
approximately 18 inches in diameter and 18 inches long. 
Its loaded weight is about 91 pounds. The sealed FOEP will 
be delivered to the spacecraft-Scout combination five hours 
before launch. Installation requires about one hour. 

The FOEP was designed and fabricatedby the Applied 
Physics Laboratory of Johns Hopkins University under contract 
to the NASA Ames Research Center. Ames is responsible for 
the FOEP and has assisted in the engineering and development 
of the necessary microelectrodes, bio-amplifiers and data- 
reduction techniques. 

FOEP Life Support System 

Since survival and normal functioning of the frogs 
from launch through orbit must be assured, the FOEP contains 
a life support system (LSS) to maintain a regulated environ- 
ment for the frogs. The LSS has been designed to meet the 
physiological requirements of two frogs weighing approximately 
350 grams (0.7 pound) each. 

prevent them from dislodging the implanted electrodes and 
to reduce their metabolic rates. In this condition, the 
frogs require no artificial respiration and will remain 
healthy, without being fed, for as long as a month. 

installed in the centrifuge. The water serves as the medium 
which carries oxygen to the frogs' skin and carries away 
heat and carbon dioxide. 

The f r o g s  are demotorized (the limb nerves cut) to 

The frogs are completely immersed in water after being 

-more- 
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The LSS c o n s i s t s  of two c losed  loops-one con ta in ing  
l i q u i d  and the  o t h e r  con ta in ing  gas .  The i n t e r f a c e  between 
loops occurs  a t  a s e l e c t i v e l y  permeable membrane of s i l i c o n  
rubber  which s e p a r a t e s  t h e  l i q u i d  and gas, The membrane, 
c a l l e d  the lung,  passes  oxygen from t h e  gas t o  t h e  l i q u i d  
s ide  and carbon dioxide from t h e  l i q u i d  to t h e  gas s ide .  
The f r o g s  ( i n  t he  c e n t r i f u g e )  a r e  i n  t h e  1Squid loop which, 
from t h e  lung to t h e  f rogs ,  con ta ins  water arid d i s so lved  
oxyger, and, from t h e  f rogs  back to t h e  lung, con ta ins  water 
and f r e e  carbon d ioxide .  The water i s  c i r c u l a t e d  b y  a small  
Pump 0 

Since t h e  frogs are c o n t i n u a l l y  shedding p i e c e s  of s k i n  
and o t h e r  matter, i t  i s  necessary to provide a f i n e  f i l t r a t i o n  
material  around them to prevent  f o u l i n g  of t h e  water 
c i r c u l a t i o n  s y s t e m .  T h i s  i s  accomplished by  l i n i n g  the  
i n t e r i o r  of t h e  c e n t r i f u g e  w i t h  a double l a y e r  polyurethane 
foam, water l eav ing  the  c e n t r i f u g e  must first pass  through 
t h i s  f i l t e r .  

The gas l o o p  c o n s i s t s  of a c i r c u i t  through which oxygen 
i s  c i r c u l a t e d  by ;i small pump. The pump d r i v e s  pure oxygen 
to t h e  lung ( the  permeable membrane) where some of' i t  passes 
i n t o  t h e  l i q u i d  loop and t h e  r e s t  of it becomes mixed w i t h  
carbon d ioxide  coming from t h e  l i q u i d  loop.  

From t h e  lung, t h e  oxygen-carbon d ioxide  mixture i s  
passed through a bed of Baralyme which absorbs carbon 
d iox ide .  The pure oxygen i s  r e tu rned  from the  Bara lyme to 
t h e  pump and r e c i r c u l a t e d .  

A s  oxygen i r r  used by t h e  f rogs ,  t h e  supply i s  r ep len i shed  
by gas  from t h e  : * m a l l  oxygen t ank ,  

The LSS w i l l  be used as w e l l  for t he  g e n t l e  and humane 
asphyxia t ion  of t h e  f r o g s  when t h e  mission o b j e c t i v e s  are 
accomplished. Recovery of t h e  OF0 experiment i s  no t  r e q u i r e d .  
Buildup of carbon d ioxide  and removal of f resh  oxygen w i l l  
b r i n g  on e x p i r a t i o n  of t h e  specimens. 

The LSS provides  f o r  l i m i t e d  c o n t r o l  over  t h e  temperature  
of  t h e  f r o g s '  environment by means of a water evapora tor  
which, augmented by  t h e  thermal environment of  t h e  s p a c e c r a f t ,  
w i l l  main ta in  t h e  water temperature  a t  6 0 ~ 3 - 5 ~ ~ .  - 

-more- 
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PRELAUNCH PROCEDURES FOR OF0 

The use of ltve animals and the complexity of the 
microelectrode in?.plantation technique requires that the 
experiment package be placed aboard the spacecraft as close 
to the actual launch time as possible. 

Instrumentation, checkout and selection of the frogs 
requires several days, and a fully equipped neurophysiology 
laboratory. While EKG electrodes can be fixed under the 
frog's skin in the general area of the anterior thorax in a 
few minutes, the implantation of the microelectrodes in the 
vestibular nerve requires much longer. 

Each frog is immersed in a five-percent solution of 
tricaine methane-sulphonate to assure an anesthetized state 
while the main motor nerves are cut to provide complete 
immobilization and a tiny hole is drilled to expose the 
vestibular nerve. Two silk sutures, to later secure the 
pre-amplifiers, are passed through each side of the jaw. 
Two silver wires are conducted through the central bone to 
fix firmly the microelectrodes' output connections. 

Twenty-four frogs will be prepared for installation of 
electrodes, but the field will be narrowed to 12 by 36 hours 
before launch. 

Thirty-six to 12 hours prior to launch, the microelectrodes 
are implanted in the nerve of each frog and the four best 
subjects are selected to go in the prime and backup experi- 
ment packages. The backup package will be used as a ground- 
control unit for comparison of data with that from the flight 
unit. 

After the microel.ectrode implantation, the f r o g s  will 
be sealed inside the inner cylinders of the flight and 
backup packages, immersed in water, and sustained by the 
package life support systems. Extensive cycling of the 
centrifuge will provide baseline data for comparison with 
data obtained later in flight. 

After verification of proper experiment operation the 
Frog Otolith Experiment Package (FOEP) will be sealed and 
then monitored until delivered to the spacecraft/launch 
vehicle combination five hours before the launch. 

-more- 
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If a malfunct ion occurs  i n  t h e  package dur ing  t h e  
prelaunch p rocess ing  a c t i v i t i e s ,  the  backup u n i t  can b e  
s u b s t i t u t e d  f o r  the  prime FOEP. I f  t he  backup u n i t  i s  
flown, t h e  prime package w i l l  be prepared f o r  use as a 
ground c o n t r o l  (comparison package) du r ing  t h e  f l i g h t .  

-more- 
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IN-FLIGHT OPERATIONAL PROCEDURES FOR OF0 

Real-time transmission of experiment data during launch 
will furnish valuable information concerning the response of 
the otolith to vibration, acceleration, and subsequent weight- 
lessness. 

As soon as operational activities in orbit permit and 
the satellite is stabilized at 0.001 "g", the centrifuge cycle 
will be activated to investigate the otolith's accomodation 
to gravity stimulus during early periods of weightlessness. 

Each cycle lasts about eight minutes and consists 
of the following: 

1. A period of one minute with the absence of 
acceleratory stimulation. 

2. A period of approximately 8 seconds for the 
slow starting of rotation, furnishing infor- 
mation on the responses to a transient exci- 
tation. 

3. Fourteen seconds of constant 0.5 "g" accelera- 
tion, giving response at a steady excitatory 
level. 

The main information will be the so-called 
adaptation profile - the change in the unit 
activity as a function of time at a fixed level 
of stimulation. 

4 .  About 8 seconds for slow stopping of rotation. 

5. A six-minute period showing after-effects of 
the stimulation. 

One cycle will be performed every 30 minutes during 
the first 3 hours of the orbital flight, starting as close 
as possible to orbit injection and satellite stabilization. 
Cycles for the remaining 21 hours of the first day of the 
experiment will be carried out every hour. 

An interval of 10 hours will follow in which no 
centrifuge cycles are performed. During this period, z 
"quick-lookf' analysis of the available data will provide 
the basis for choice of the subsequent experimental routine. 

After the 72nd hour of flight, another 10-hour quiescent 
period will allow time for. "quick-look" analysis, evaluation, 
and determination of routine for the remainder of the mission. 

-more- 
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The Radiatior: Heteoroid spacecraft weighs 46 .3  pounds. 
Its  flight configuration, including the fourth stage of the 
Scout to which it remains attached, is 5 112 feet long and 
30 inches in diameter. 

The spacecraft consists of two cylindrical segments-- 
the 15-inch-deep solar cell away mounted doughnut-like 
around the fourth stage motor case of the Scout and the 
electronics package encircling the E-section, the cone- 
shaped adapter section atop the fo-mtfs stage xotor case. 

The RH spacecraft has a power system, rad io  system 
(antennas, comand receiver, telemetry trsnsnitter and 
tracking beacon), radfaeion instruments and meteoroid 
instruments, and data-handling unftse 

Power System: A system of rechargeable batteries and 
solar cells with automatic charge ccrntrcl grovides approxi- 
mately 25 watts of power at 28 v o l t s ,  

The cylindrical solar cell array has about seven square 
feet of solar cells that convert sunlight directly to 
electrical energy. 

The charge control unit will control the battery charge 
operation automtieallg but  m a y  also be controlled from the 
ground in case of battery cell failure. 

Two nickel-cadmium batteries will supply power to the 
experiments dimhg dark periods. 

- Radio -. System: The zntenna szrbzystem uses two s h o r t  
monc, - - 3  attached opposrte each other znd a - ~ g l e d  o u t w a r d  
from between the ~ I E W  &way arid the instrument package, 

The comma9iG system 5 s  ii kone-sequ-entfal type which 
commands experiraeat 6ata runs ko +,he Space Tracking and 
Data AcquisitiOri NetaiaorIfl (ST!-5m) pound S t a t % O n S .  

The telenwtry system comis t s  o f  a trznsmitter, encoder, 
timer and magxzetfc e o ~ e  rnemcr.y, 

The trackiEg beacca, a % 3 - m i l l i w a t t ,  umodulated 
transmitter, ~$533 .  be on at launch and for the lifetime of 
the satellfte fr~r aecwate tracking and definitive orbits 
for radiation data analysfs, 

-more- 
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Radiation Instruments: The radiation experiment consists 
of an Advanced Dosimetry System (ADS) and three standard 
ionization chambers. 

The ADS is composed of a solid state radiation 
spectrometer and a spectrum-to-dose converter. 

The spectrometer has multiple viewing angles and its 
three solid state detectors are selectively sensitive to elec- 
trons and protons. The unit will measure the electrons with 
energies ranging from 0.6 to 4 million electron volts (MeV) 
and protons with energies from 10 MeV to several hundred MeV. 

The converter applies appropriate weighting factors f o r  
real-time dose (energy absorption) determination. The o u t p u t  
is accumulated by a counter f o r  each particle type and stored 
in the memory for each data run. Results are sent by telemetry 
t o  the STADAN stations. 

Conventional dose measurements will be obtained by three 
standard ion chambers filled with a mixture of argon and 
helium gas. Penetrating radiation ionizes the gas, causing 
a flow of current that is measured and converted to dose rates 
for relay to the telemetry system. 

One ion chamber is unshielded and the other two are 
shielded. The dose range of the unshielded one is from 0.01 
to 100 rads per hour. 

Results will be evaluated with regard t o  possible dosages 
that could be experienced in prolonged extra-vehicular 
activities as well as activities inside spacecraft. 

Meteoroid Instruments: There are two flat meteoroid 
detection surfaces, or plates, parallel to each other and 
spaced three inches apart. Each plate is eight inches square 
and is made up of a mosaic of one-inch square thin-film 
capacitors electrically connected in one-by-eight-inch rows. 
Each individual capacitor, or square, is identified in the 
electronics for meteoroid impact position information. 

When a meteoroid penetrates a capacitor, it produces 
a current pulse, or signal. 

Signals from the outermost plate will be used to record 
the meteoroid flux, number of penetrating impacts. Signals 
from both plates will be used to measure meteoroid speeds 
and directions. 

-more- 
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The thin-film sensors are made of four layers of 1,000 
Angstrom (A) thick polysulfone with 200 A of gold on the 
back and 1,000 A of aluminum on the exposed side. The total 
thickness of each thin-film capacitor is about 0.00022 of 
an inch or 5,200 A. 

or larger is required to penetrate the first surface. The 
mass must be greater than 0.000000000001 gram (10-12grams) 
to penetrate both surfaces and, thereby, yield speed and 
direction measurements. 

A meteoroid mass of lOV14gram, (0 e 00000000000001 gram) 

Two independent, but identical, meteoroid detector 
packages are mounted on the spacecraft. 

-more- 
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RADIATION pr EXPERIMENT AND BACKGROUND 

In 1958, a geiger counter aboard Explorer I detected 
a radiation region of high count-rate starting at an altitude 
of about 1,000 kilometers, or 620 miles, This effect was 
verified later that :rear when Explorer iIT shmred the same 
results. The high-couct ra tes  came from charged pmticles, 
both electrons and protons, trapped in the Earth's magnetic 
field, the Van Allen radiation belts. 

Mercury established the region of the South Atlantic Magnetic 
Anomaly as the principal source of ionizing radiation in low 
altitude non-polar orbits. 

Space Tadiation dose measurements during ProJect 

The anomaly is a region, between South America and 
Africa, where the trapped radiation of space stays 400 to 
500 miles below that elsewhere around the Earth, ranging 
down to altitudes as low as 1 2 5  miles (200 kilometers). 
The area covers f rom the Equator to 40 degrees South latitude 
and from 90 degrees West to about zero degrees longitude. 

Measurements made since 1958 by satellites and sounding 
rockets have provided additional information on the nature 
and characteristics of trapped. radiation. Of particular 
interest are fj-ndings made during tbe Mercupy Gemini, and 
Apollo missions. 

The measurements have shown that low-altitude, low- 
inclination, Earth-orbital flights m d  limited excursions 
to al-titudes penetrating the trapped radiation belts are 
possrible without overexposing spacecraft crew members 

The spectral data to be measured by the Advanced 
Dosimetry System on the RM spacecraft will be converted to 
physical dose in real- time and the results will be compared 
to the dose measured by standard ionization chambers similar 
to those previously flown on manned flights. 

The particle energy spectra data obtzined by the 
Advanced Doslimetry System also will be of scientific value. 
The charged. particle environments are known to be arfected 
by magnetic storms, soiar cycle perturbations and high 
altitude nuclear tests. Any spectral data which can be 
received and analyzed in a timely manner could be used to 
update the model environments used in estimating doses for 
mission planning purposes. 

The measurement of dose, is of more significance as 
mission du.ra,tions Increase. 

-more- 
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METEOROID EXPERIMENT AND BACKGROUND 

Uncer ta in ty  concerning t h e  meteoroid environment 
remains and be t t e r  knowledge i s  r e q u i r e d  f o r  t h e  proper  
des ign  of s p a c e c r a f t  meteoroid p r o t e c t i o n .  The r e q u i r e d  
meteoroid parameters i n c l u d e :  mass, speed, t r a j e c t o r y ,  
impact f l u x ,  cornpositlon, and d e n s i t y .  This  meteoroid 
experiment c o n s i s t s  o f  a new d e t e c t o r  f o r  m a su r ing  meteoroid 
impact f l u x ,  of p a r t i c l e s  g r e a t e r  than  10- 1E rams, and speed 
and t r a j e c t o r y  of  p a r t i c l e s  g r e a t e r  t han  grams. 

The f i r s t  measurements of meteoroid v e l o c i t y  were based 
on ground-based observa t ions  o f  meteors i n  t h e  E a r t h ' s  
atmosphere. 

E a r l y  f l i g h t  ins t ruments  measured impact momentum w i t h  
p i e z o e l e c t r i c  devices .  An e s t ima te  o f  t h e  meteoroid mass 
measured by t h e s e  devices  was determined by assuming t h e  
meteoroid v e l o c i t i e s  were t h e  same as t h e  meteoroid v e l o c i t y  
d i s t r i b u t i o n  determined from t h e  ground-based meteor 
obse rva t ions .  

The f i r s t - f l i g h t  ins t ruments  to d i r e c t l y  measure meteoroid 
v e l o c i t y  were v e l o c i t y  " t e l e scopes"  c o n s i s t i n g  o f  c y l i n d e r s ,  
2 . 5  cm. i n  d iameter  and 1 0  cm. long .  A t h in - f i lm  plasma 
senso r  was a t  t h e  f r o n t  and a t h i n - f i l m  c a p a c i t o r  on a g l a s s  
s u b s t r a t e  was t h e  r e a r  s t a t i o n .  S igna l s  r e s u l t i n g  from a 
meteoroid p e n e t r a t i o n  of  t h e  f i l m s  were used to measure time- 
o f - f l i g h t  (TOF) i n  t h e  c y l i n d e r .  T h i s  type instrument  was 
used on O r b i t i n g  Geophysical Observatory ( O G O ) - l ,  2 ,  and 3 .  

Only f o u r  v e l o c i t y  measurements were obta ined  w i t h  t h e  
OGO-1 ins t rument ,  poss ib ly  two w i t h  OGO-2, and t h r e e  w i t h  
OGO-3. 

The instrument  o p e r a t i o n a l  t o d a y  on t h e  sun -o rb i t i ng  
NASA Pioneer  8 and 9 probes i s  designed t o  measure the  
v e l o c i t y  (speed and d i r e c t i o n )  and momentum of  meteoroids i n  
i n t e r p l a n e t a r y  space .  

It c o n s i s t s  of a f r o n t  f i l m  g r i d  senso r  array ard a 
rear  f i l m  g r i d  sensor  array spaced 5 cm. apart and an acous- 
t i c a l  impact p l a t e  upon which t h e  r e a r  f i l m  i s  mounted. 

-more - 
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Each f i l m  g r i d  senso r  i s  4 square  linches w i t h  
c o l l e c t i o n  sc reens  on both s ides  o f  t h e  t h i n  film. 

The senso r  and l o g i c  are cons t ruc t ed  such t h a t  t h e  
p e n e t r a t i o n  i n  each plane i s  l o c a t e d  wi th in  one square  
i n c h  for t r a j e c t o r y  de te rmina t ion .  The t i m e  of f l i g h t  
between senso r  arrays serves t h e  p r i n c i p a l  o b j e c t i v e  of 
t h e  ins t rument .  Nine v e l o c i t y  measurements have been  
made on Pioneers  8 and 9 .  

The meteoroid experiment i n  t h e  RM s p a c e c r a f t  repre- 
s e n t s  an improvement i n  provid ing  a l a r g e r  area ( 6 4  square  
inches )  f o r  ob ta in ing  u s e f u l  data,  

-more- 
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TRACKING AND DATA A C Q U I S I T I O N  

Monitoring and c o n t r o l  of bo th  s p a c e c r a f t  w i l l  be  
b y  Goddard Space F l i g h t  Center  Space Tracking and Data 
Acqu i s i t i on  Network. The STADAN s t a t i o n s  t h a t  w i l l  d i r e c t l y  
suppor t  t he  OF0 mission are i n  Johannesburg, South Afr ica ;  
Tanmar ive ,  Malagasy Republic;  O r r o r a l ,  Aus t r a l i a ;  Sant iago ,  
Chi le ;  Q u i t o ,  Ecuador; Fo r t  Myers,  F l a . ;  Kauai, H a w a i i ;  and 
Rosman, N . C .  

Rosman w i l l  be the primary OF0 s t a t i o n  because the  data 
acqui red  there can be  microwaved t o  Goddard i n  real-time, o r  
n e a r  real-time, f o r  t h e  data p rocess ing  r equ i r ed  t o  e f f e c t  con- 
t r o l  of the  experiment.  The quick-look data a n a l y s i s  w i l l  be 
performed a t  Goddard by t h e  p r i n c i p a l  i n v e s t i g a t o r .  

Both t h e  OF0 and the  RM s p a c e c r a f t  w i l l  have almost 
simultaneous s t a t i o n  passes  du r ing  the  f i r s t  f e w  days a f t e r  
launch.  The Orb i t ing  Frog O t o l i t h  has p r i o r i t y  over  t h e  
Radia t ion  Meteoroid S a t e l l i t e  f o r  t h e  du ra t ion  o f  OFO's miss ion ,  
normally f i v e  days.  

The same STADAN s t a t i o n s  suppor t ing  OF0 w i l l  be used f o r  
RM du r ing  i t s  three-month planned l i f e t ime .  

-more- 
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SCOUT LAUNCH VEHICLE 

Scout i s  NASA's only s o l i d  p r o p e l l a n t  launch v e h i c l e  
w i t h  o r b i t a l  capac i ty .  The f i r s t  developmental Scout was 
launched J u l y  1, 1960. The OF0 and RM mission w i l l  be  t h e  
68th Scout launch.  Since t h e  Scout was r e c e r t i f i e d  i n  1963, 
t h e  launch veh ic l e  has a t t a i n e d  a 93 pe rcen t  success  r eco rd .  

Scout B i s  a four-s tage s o l i d  p r o p e l l a n t  rocke t  s y s t e m .  
Scout No. S-174 and t h e  two s p a c e c r a f t  w i l l  b e  s e t  on an 
i n i t i a l  launch azimuth of 88.994 degrees t o  o b t a i n  a posigrade 
o r b i t  of 170  nm pe r igee  and 320 nm apogee w i t h  37.7 degree 
i n c l i n a t i o n  and 93.5 minutes t o  complete one r e v o l u t i o n .  

The f o u r  Scout motors, Algol 11, Cas tor  11, Antares 11, 
and Altair  111, are i n t e r l o c k e d  w i t h  t r a n s i t i o n  s e c t i o n s  t h a t  
conta in  guidance, c o n t r o l ,  i g n i t i o n ,  and in s t rumen ta t ion  
s y s t e m s ,  s e p a r a t i o n  mechanics and the s p i n  motors needed t o  
s t a b i l i z e  the f o u r t h  s t a g e .  Control  i s  achieved by aerodynamic 
su r faces ,  j e t  vanes and hydrogen peroxide j e t s .  

The launch v e h i c l e  i s  approximately 73 f ee t  long  and weighs 
about 40,000 pounds a t  l i f t o f f .  

The Scout program i s  managed by N A S A ' s  Langley Research 
Center,  Hampton, V a .  The launch veh ic l e  i s  b u i l t  b y  Ling- 
Temco-Vought , I n c . ,  Dallas. 
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LAUNCH SEQUENCE 

Event 

L i f t o f f  

F i r s t  Stage Burnout 

Second Stage I g n i t i o n  

Second Stage Burnout 

T h i r d  Stage I g n i t i o n  

T h i r d  Stage Burnout 

Spin-up 

T h i r d  Stage Separa t ion  

Fourth Stage I g n i t i o n  

Fourth Stage Burnout & O r b i t a l  I n j e c t i o n  

Space c r a f t  Sepa ra t ion  

Time (seconds)  

76.7 

81.0 

123.2  

140.0 

175 00 

442 . O  

44307  

449.0 

482.3  

528.6 
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-24- 

OF0 MISSION MANAGEMENT 

The NASA Of f i ce  of Advanced Research and Technology 
(OART) has o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  OF0 s p a c e c r a f t  
program. The p r o j e c t  i s  p a r t  of t h e  program of t h e  OART 
Biotechnology and Human Resources Div is ion .  Program 
management r e s p o n s i b i l i t y  i s  ass igned  to t h e  OART S p e c i a l  
Programs Of f i ce .  P r o j e c t  management i s  ass igned  to t h e  
NASA Wallops S t a t i o n ,  Wallops I s l a n d ,  V a .  The NASA A m e s  
Research Center ,  Mountain V i e w ,  Ca l i f . ,  manages t h e  Frog 
O t o l i t h  Experiment Package (FOEP). Tracking and d a t a  
a c q u i s i t i o n  suppor t  i s  provided by t h e  NASA Goddard Space 
F l i g h t  Center,  Greenbel t ,  Md. 

OF0 Contr 'actors 

The OF0 s s a c e c r a f t  was designed and b ilt b r t h e  prime 
c o n t r a c t o r ,  SpGce General, a u n i t  of Aerojet-General Corp., 
a s u b s i d i a r y  of General T i r e  & Rubber Co. Space General i s  
i n  E l  Monte, Cal i f .  

The FOEP was b u i l t  by t h e  Applied Physics  Laboratory 
o f  Johns Hopkins U n i v e r s i t y .  APL i s  i n  Howard County, Md. 

OF0 Key Personnel  

W. A .  Guild 
L.  C .  Rossi  
T.  Warren 
R .  W.  Dunning 
R .  W. Magers 
E .  Marshal l  
T .  C .  Moore 
D r .  T .  G u a l t i e r o t t i  

OF0 Program Manager 
OF0 P r o j e c t  Manager 
OF0 P r o j e c t  Manager 
Exp. Program Manager 
Experiment Coordinator  
Experiment Coordinator  
Tracking & Data Manager 
P r i n c i p a l  I n v e s t i g a t o r  

NASA-OART 
NASA-Wallops 
Space General 

NASA-Ames 
APL 
NASA-GSFC 
Univ. of Milan 

NASA-OART 
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RM MISSION MANAGEMENT 

The NASA Office of Advanced Research 
(OART) has overall responsibility for the 

and Technology 
RM spacecraft 

program. The project is part of the program of the OART 
Space Vehicles Division. Program management responsibility 
is assigned to the OART Special Programs Office. Project 
management is assigned to the NASA Manned Spacecraft 
Center, Houston, Texas. Tracking and data acquisition 
support is provided by the NASA Goddard Space Flight 
Center, Greenbelt, Md. 

RM Prime Contractor 

Prime contractor for the RM spacecraft is Ling-Temco- 
Vought, Inc., Dallas, Texas. 

RM Key Personnel 

W. A. Guild 
W. E. McAllum 
Dr. B. J. Farmer 
C. T. D'Aiutolo 
A. Reetz 
T. C. Moore 

R. G. Richmond 
J. W. Snyder 
Dr. B. J. Farmer 

W. E. McAllum 
R. L. Patterson 
Dr. J. H. Johnson 

RM Program Manager 
RM Project Manager 
RM Project Manager 
Meteoroid Exp. Manager 
Radiation Exp. Manager 
Tracking & Data Manager 

Rad. Co-investigator 
Rad. Co-investigator 
Rad. Co-investigator 

Met. Co-investigator 
Met. Co-investigator 
Met. Co-investigator 
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